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METHOD OF MANUFACTURING 
SEMICONDUCTOR STORAGE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2007 
167999, ?led Jun. 26, 2007, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of manufacturing 

a semiconductor storage device in Which memory cells are 
formed on a silicon-on-insulator (SOI) structure. 

2. Description of the Related Art 
In structures of memory cell portions of conventional non 

volatile semiconductor storage devices, making ?ner 
memory cells has limitations for the folloWing reason. Spe 
ci?cally, When the channel length of memory cells is set to 50 
nm or less, the on/off ratio of the channel current decreases 
due to the short channel effect. Decrease in the on/ off ratio of 
the channel current causes transistors of memory cells to 
malfunction. 

Therefore, recently, methods of forming memory cells on 
an SOI crystal have been proposed (Jpn. Pat. Appln. KOKAI 
Pub. No. 5-335234, Jpn. Pat. Appln. KOKAI Pub. No. 
6-333822, Jpn. Pat.Appln. KOKAI Pub. No. 9-36024). HoW 
ever, it is dif?cult to form a silicon layer having a large area 
and good crystal properties on an insulating ?lm, and there is 
the problem that variations occur betWeen cells. In particular, 
in devices on an SOI structure using solid-phase crystalliza 
tion, a mismatch surface having an uncertain position is gen 
erated on an embedded insulating ?lm. Therefore, there is the 
problem that cell transistors are formed on the mismatch 
surface, and operation thereof become unstable. 
When a single-crystal layer is formed on an SOI region by 

solid-phase crystallization, monocrystallization is performed 
from opening portions (seed regions) provided in an embed 
ded insulating ?lm toWard the SOI region. The groWth surface 
of solid-phase crystallization in this case varies from position 
to position as the distance from the seed region becomes 
longer. Therefore, the position of the crystal grain boundary 
(crystal mismatch surface) determined by the solid-phase 
crystallization distance from adjacent opening portions dif 
fers according to the position. 
As a result, for example, the crystal mismatch surface may 

be formed in just the intermediate position of the seed 
regions, or may be formed in a position shifted from the 
intermediate position of the seed regions. Since a plurality of 
seed portions, that is, opening portions of the insulating ?lm, 
are provided in the silicon substrate, occurrence of the crystal 
mismatch surface is inevitable. 

Since the crystal properties deteriorate in crystal mismatch 
surfaces, it is not preferable to provide LSI circuits directly on 
crystal mismatch surfaces, in terms of reliability of the ther 
mal oxide ?lm of LSI circuits and control of pn junction by a 
dopant diffusion layer. Therefore, it is necessary to design 
LSI circuits to avoid a portion of the crystal mismatch surface. 
The defective region caused by a crystal mismatch surface is 
not alWays positioned in the midpoint betWeen opening por 
tions of the SOI region, but may be shifted from the midpoint 
by about below 1 pm, due to variations of the solid-phase 
crystallization speed. Supposing that the length of SOI on 
Which solid-phase crystallization can be performed is about 3 
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2 
pm from opening portions, intervals betWeen opening por 
tions have to be set to about 5 um. To make room for a 
defective region, Which may occupy 1 pm, around the center 
of the area of 5 um Without providing any circuit further 
reduces the occupying proportion of circuits, and increases 
the chip manufacturing cost. 

BRIEF SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is 
provided a method of manufacturing a semiconductor storage 
device, comprising: providing an opening portion in a plural 
ity of positions in an insulating ?lm formed on a silicon 
substrate; forming an amorphous silicon ?lm on the insulat 
ing ?lm, in Which the opening portions are formed, and in the 
opening portions; annealing and subjecting the amorphous 
silicon ?lm to solid-phase crystallization With the opening 
portions used as seeds, and thereby monocrystallizing the 
amorphous silicon ?lm; performing ion implantation into a 
region including a seam portion generated by contact of 
groWing ends from adjacent opening portions With the solid 
phase crystallization, and amorphizing the region; annealing 
again and subjecting the amorphized region to solid-phase 
crystallization, and thereby monocrystallizing the amor 
phized region; and forming a memory cell array on a silicon 
single-crystal layer formed by the solid-phase crystallization 
and the second solid-phase crystallization. 

Further, according to another aspect of the present inven 
tion, there is provided a method of manufacturing a semicon 
ductor storage device, comprising: providing an opening por 
tion in a plurality of positions in an insulating ?lm formed on 
a silicon substrate; forming an amorphous silicon ?lm on the 
insulating ?lm, in Which the opening portions are formed, and 
in the opening portions, performing ion implantation into a 
region, Which is a part of the amorphous silicon ?lm and in 
Which groWing ends of solid-phase crystallizations from 
adjacent opening portions are expected to contact; annealing 
the amorphous silicon ?lm having the region in Which the ion 
implantation is performed, subjecting the amorphous silicon 
?lm to solid-phase crystallization With the opening portions 
used as seeds, and thereby forming a silicon singe-crystal 
layer; and forming a memory cell array on the silicon single 
crystal layer. 

According to another aspect of the present invention, there 
is provided a method of manufacturing a semiconductor stor 
age device, comprising: providing an opening portion in a 
plurality of positions in an insulating ?lm formed on a silicon 
substrate; forming an amorphous silicon ?lm on the insulat 
ing ?lm, in Which the opening portions are formed, and in the 
opening portions; forming trenches to divide the amorphous 
silicon ?lm, in the vicinity of a midpoint betWeen adjacent 
opening portions, into a portion on one opening portion side 
and a portion on the other opening portion side; annealing and 
subjecting the amorphous silicon ?lm, in Which the trenches 
are formed, to solid-phase crystallization to form a single 
crystal With the opening portions used as seeds, and thereby 
forming a silicon single-crystal layer; and forming a memory 
cell array on the silicon single-crystal layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIGS. 1A to 1C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of a nonvolatile semicon 
ductor storage device according to a ?rst embodiment. 

FIGS. 2A to 2C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 
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FIGS. 3A to 3C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 

FIGS. 4A to 4C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 

FIGS. 5A to 5C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 

FIGS. 6A to 6C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 

FIGS. 7A to 7C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 

FIGS. 8A to 8C are a plan vieW and cross-sectional vieWs 
illustrating a manufacturing step of the nonvolatile semicon 
ductor storage device according to the ?rst embodiment. 

FIGS. 9A and 9B are cross-sectional vieWs illustrating a 
manufacturing step of the nonvolatile semiconductor storage 
device according to the ?rst embodiment. 

FIGS. 10A and 10B are cross-sectional vieWs illustrating a 
manufacturing step of the nonvolatile semiconductor storage 
device according to the ?rst embodiment. 

FIG. 11 is a cross-sectional vieW illustrating a manufactur 
ing step of the nonvolatile semiconductor storage device 
according to the ?rst embodiment. 

FIGS. 12A to 12C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of a nonvolatile semi 
conductor storage device according to a second embodiment. 

FIGS. 13A to 13C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 14A to 14C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 15A to 15C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 16A to 16C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 17A to 17C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 18A to 18C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 19A to 19C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 20A to 20C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 21A to 21C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 
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4 
FIGS. 22A to 22C are a plan vieW and cross-sectional 

vieWs illustrating a manufacturing step of the nonvolatile 
semiconductor storage device according to the second 
embodiment. 

FIGS. 23A and 23B are cross-sectional vieWs illustrating 
manufacturing steps of a nonvolatile semiconductor storage 
device according to a third embodiment. 

FIGS. 24A to 24D are cross-sectional vieWs illustrating 
manufacturing steps of a nonvolatile semiconductor storage 
device according to a fourth embodiment. 

FIG. 25 is an enlarged cross-sectional vieW illustrating a 
part of the structure illustrated in FIG. 24D. 

FIGS. 26A to 26C are a plan vieW and cross-sectional 
vieWs illustrating a manufacturing step of a nonvolatile semi 
conductor storage device according to a ?fth embodiment. 

FIGS. 27A and 27B are plan vieWs for explaining a sixth 
embodiment, illustrating a state of a crystalline defect of an 
SOI after SPE in a structure Where a BOX ?lm is surrounded 
by an opening portion. 

FIGS. 28A and 28B are plan vieWs for explaining the sixth 
embodiment, illustrating a state of a crystalline defect of the 
SOI after SPE in a structure Where slits are added to the BOX 
?lm surrounded by the opening portion. 

FIGS. 29A and 29B are plan vieWs for explaining the sixth 
embodiment, illustrating a state of a crystalline defect of the 
SOI after SPE, in a structure Where slits are added to the BOX 
?lm surrounded by an opening portion and amorphous silicon 
does not contact upper and loWer openings. 

DETAILED DESCRIPTION OF THE INVENTION 

Details of the present invention Will be explained beloW 
With reference to embodiments illustrated in draWings. 

First Embodiment 

The ?rst embodiment proposes a method of reducing 
defects of memory cells, by achieving position control of 
crystal mismatch surfaces of an SOI crystal layer, Which 
causes problems in manufacturing an SOI structure by solid 
phase crystalliZation. 
A method of manufacturing memory cell portions accord 

ing to the ?rst embodiment is explained beloW With reference 
to FIGS. 1A to 1C to FIGS. 10A and 10B. In FIGS. 1A to 1C 
to 10A and 10B, A is a cross-sectional vieW taken in a channel 
length direction (bit line direction), B is a cross-sectional 
vieW taken in a channel Width direction (Word line direction), 
and C is a plan vieW. A illustrates a cross section taken along 
line A-A' of plan vieW C, and B illustrates a cross section 
taken along line B-B' of plan vieW C. 

First, as illustrated in FIGS. 1A to 1C, a silicon oxide ?lm 
(embedded insulating ?lm) 102 having a thickness of 50 nm 
is formed on a surface of a p-type single-crystal silicon sub 
strate 101. Then, a part of the region of the silicon oxide ?lm 
102 is removed With a patterned resist (not shoWn) used as a 
mask, and a part of the silicon substrate 101 is exposed. 
Speci?cally, stripe opening portions are provided, Which 
serve as seeds of solid-phase crystallization described beloW. 

Next, as illustrated in FIGS. 2A to 2C, an amorphous 
silicon ?lm 103 having a larger thickness than the silicon 
oxide ?lm 102 is formed on the silicon substrate 101 and the 
silicon oxide ?lm 102 by chemical vapor deposition (CVD) or 
the like. Then, chemical and mechanical polishing (CMP) is 
performed With the silicon oxide ?lm 102 used as a stopper, 
such that the upper surfaces of the amorphous silicon ?lm 103 
and the silicon oxide ?lm 102 connected ?at. Thereafter, an 
amorphous silicon ?lm 104 having a thickness of about 50 nm 
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is formed on the silicon substrate 101 and the amorphous 
silicon ?lm 103 by CVD or the like. 

Next, as illustrated in FIGS. 3A to 3C, annealing is per 
formed at 600° C. for about 2 hours, and thereby the amor 
phous silicon ?lms 103 and 104 are subjected to solid-phase 
crystallization, With their contact portions With the silicon 
substrate 101 used as seeds. Thereby, a single-crystal silicon 
layer (SOI crystal layer) 105 is formed. In this case, a crystal 
mismatch surface 106, Which is caused by encounter of pro 
gressing solid-phase crystallizations from the right and the 
left, is generated in the vicinity of the center of the single 
crystal silicon layer 105 on the silicon oxide ?lm 102. 

Next, as illustrated in FIGS. 4A to 4C, silicon ions are 
implanted into a region including the crystal mismatch sur 
face 106 With implantation energy of 50 eV and a dose 
amount of about 50><l0l5/cm_2, With a patterned resist (not 
shoWn) used as a mask. Thereby, the crystal portion including 
the crystal mismatch surface 106 is amorphized into amor 
phous silicon 107. 

Next, as illustrated in FIGS. 5A to SC, annealing is per 
formed again at 6000 C. and for about 2 hours, the amorphous 
silicon 107 is subjected to solid-phase crystallization, and 
thereby a single-crystal silicon layer 105 is formed. In this 
step, a neW crystal mismatch surface 108 is generated in the 
vicinity of the center of the region Which Was the amorphous 
silicon 107. 

Although the ?rst embodiment shoWs the case Where sili 
con ions are implanted, any ions Which can amorphize single 
crystal silicon can be implanted. For example, it is possible to 
use germanium, phosphorus, arsenic, antimony, and argon. 
These ions also can change the crystal portion including a 
crystal mismatch surface into amorphous silicon. 

The position of the crystal mismatch surface 106 generated 
by the ?rst solid-phase crystallization Widely varies as the 
solid-phase crystallization distance becomes longer, since the 
solid-phase crystallization speed differs from position to 
position. As a result, the crystal mismatch surface 106 has a 
Width of about 1 to 10 pm. The crystal groWth distance can be 
shortened by changing the crystal portion including the crys 
tal mismatch surface 106 into the amorphous silicon 107, and 
performing solid-phase crystallization again With a limited 
area (With a short solid-phase crystallization distance). There 
fore, as illustrated in FIGS. 5A to SC, variations in position of 
the crystal mismatch surface 108 can be reduced. 
When cells are formed on an SOI crystal layer, a crystal 

mismatch surface causes a leak current, and causes variations 
in threshold value. Therefore, the position of the crystal mis 
match surface is controlled, and thereby it is possible to easily 
form a structure in Which no cells are formed on the crystal 
mismatch surface. Further, since an area reserved as a non 
cell-forming region not to form cells on a crystal mismatch 
surface can be reduced, cells can be formed With good area 
e?iciency. 

Although a step of performing ion implantation for amor 
phization and annealing for solid-phase crystallization is per 
formed only once in the ?rst embodiment, the step can be 
performed a plurality of times, While the opening Width of the 
resist mask gradually reduced. By performing the step a plu 
rality of times, it is possible to control the position and the 
Width of the crystal mismatch surface With higher accuracy. 

Next, as illustrated in FIGS. 6A to 6C, a gate insulating ?lm 
(tunnel insulating ?lm) 109 having a thickness of about 7 nm 
is formed on the Whole surface by thermal oxidation or the 
like, and a phosphorus-doped polycrystalline silicon layer 
110 serving as a ?oating gate electrode and having a thickness 
of about 50 nm is deposited thereon by CVD or the like. Next, 
parts of the polycrystalline silicon layer 110, the gate insulat 
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6 
ing ?lm 109, the single-crystal silicon layer 105, the silicon 
oxide ?lm 102, and the silicon substrate 101 are removed by 
RIE or the like With a striped resist (not shoWn) used as a 
mask, and thereby device isolation trenches are formed. In 
this step, a pattern Which prevents cell portions from being 
positioned on the crystal mismatch surface 108 in the SOI 
crystal layer 105 is used for the resist mask. 

Next, an embedded insulating ?lm 111 is embedded into 
the device isolation trench regions by application or the like. 
In formation of the embedded insulating ?lm 111, formation 
of imperfect embedded regions Which are called voids can be 
avoided, by applying an application insulating ?lm such as 
polysilazane. The dielectric constant of the embedded insu 
lating ?lm 111 is preferably loW, to improve the dielectric 
strength voltage betWeen adjacent memory cells. Therefore, it 
is desirable that vapor oxidation is performed after applying 
the application insulating ?lm, to desorb impurities such as 
nitrogen, carbon and hydrogen in the ?lm and convert the ?lm 
into the silicon oxide ?lm. Further, thermal oxidation or radi 
cal oxidation may be performed before or after the applica 
tion insulating ?lm 11 is embedded, to repair crystal defects 
Which are generated in trench surface portions When the 
device isolation trenches are formed. Further, a composite 
?lm of a CVD insulating ?lm and an application insulating 
?lm may be embedded, to improve the insulating property of 
the embedded insulating ?lm 111. 

Next, as illustrated in FIGS. 7A to 7C, an ONO ?lm 12 
serving as an interelectrode insulating ?lm and having a 
thickness of about 15 nm is formed on the Whole surface by 
CVD or atomic layer deposition (ALD), etc. Then, the ONO 
?lm 112 is subjected to selective etching by RIE or the like, 
With a patterned resist (not shown) used as a mask. Speci? 
cally, slit portions 113 having a Width of about 50 nm are 
formed in regions in Which selective gate transistors are to be 
formed, and thereby parts of the polycrystalline silicon layer 
110 are exposed. 

Next, as illustrated in FIGS. 8A to 8C, a tungsten silicide 
layer 114 serving as a control gate electrode is formed on the 
Whole surface by spattering or the like. In this step, the poly 
crystalline silicon layer 110 is electrically connected to the 
tungsten silicide layer 114 in the slit portions 113. Then, parts 
of the tungsten silicide layer 114, the ONO ?lm 112, and the 
polycrystalline silicon layer 110 are selectively etched by RIE 
or the like, With a striped resist (not shoWn) used as a mask. 
Thereby, tWo-layer gate structures 120 of memory cells and 
stacked gate electrode structures 130 of selective gate tran 
sistors 130 are formed. 

In this state, the boundary betWeen the SOI region and the 
non SOI region is located under an area betWeen one of the 
tWo-layer gate structures 120 closest to the stacked gate elec 
trode structure 130 and the stacked gate electrode structure 
130, or under the stacked gate electrode structure 130. 

Next, as illustrated in FIGS. 9A and 9B, n-type impurity 
diffusion layers 115 having a desired impurity concentration 
distribution are formed by a combination of ion implantation 
and thermal diffusion. Then, an interlayer insulating ?lm 116 
is formed by CVD or the like, to cover the tWo-layer gate 
structures 120 of memory cells and the stacked gate electrode 
structures 130 of selective gate transistors. In addition, open 
ings are formed in the interlayer insulating ?lm 116 on the 
impurity diffusion layer of the selective gate transistors by a 
knoWn method. Thereafter, bit line contacts 117 (and source 
line contacts) are formed by embedding a conductor such as 
tungsten into the openings. Then, a nonvolatile semiconduc 
tor storage device is ?nished by a knoWn method. 

Although FIGS. 9A and 9B illustrate the case Where the 
n-type impurity diffusion layers 115 of the memory cells are 
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separated from each other, the present invention is not neces 
sarily limited to this structure. For example, the n-type impu 
rity diffusion layer 115 of the memory cells may be connected 
to each other, as illustrated in FIGS. 10A and 10B. In the case 
Where the n-type impurity diffusion layers 115 are connected 
like this, it is determined Whether electric charge is accumu 
lated in a cell, by applying a voltage to a gate electrode thereof 
and intercepting a current path of the SOI crystal layer 
directly under the relevant gate electrode in the SOI crystal 
layer 105. This operation is ?rst enabled by adopting an SOI 
structure, that is, by applying a suf?ciently thin SOI crystal 
layer to memory cells as in the ?rst embodiment. 

In the ?rst embodiment, the surface level of the non SOI 
region serving as the selective gate transistorportion is almost 
aligned With the surface level of the SOI region serving as the 
memory cell portion, as illustrated in FIG. 3A. HoWever, the 
invention is not limited to this structure, but the surface levels 
of the tWo regions may differ from each other. For example, as 
illustrated in FIG. 11, the invention may have a structure in 
Which the selective gate transistor portion is loWer than the 
memory cell portion, Without performing CMP in the state of 
having the amorphous silicon ?lm. 

Further, although the ?rst embodiment describes a method 
of manufacturing memory cells using a ?oating gate elec 
trode as an electric charge accumulating layer, the same 
method is applicable to memory cells such as MONOS cells, 
Which use an insulating ?lm such as a silicon nitride ?lm as an 
electric charge accumulating layer. 

According to the ?rst embodiment as described above, the 
crystal portion Which is formed by the ?rst solid-phase crys 
tallization and includes a crystal mismatch surface is amor 
phized, and solid-phase crystallization is performed again in 
a limited area. Thereby, it is possible to align the positions of 
portions of the crystal mismatch surface, in other Words, 
restrict the position of the crystal mismatch surface to a nar 
roW range. Speci?cally, it is possible to control occurrence of 
defective regions caused by solid-phase crystallization. 
Therefore, regions Where no circuits can be provided are 
limited to a minimum, and reduction in the manufacturing 
cost can be achieved by effectively using the SOI crystal 
layer. Further, it is possible to prevent the crystal mismatch 
surface from being positioned directly under memory cells, 
and increase the reliability of the cells. 

Second Embodiment 

The second embodiment provides a method in Which por 
tions other than the central portion of the BOX oxide ?lm, 
Where a seam betWeen solid-phase crystallizations from adja 
cent opening portions is expected to exist, are masked, ion 
implantation is performed by using oxygen, nitrogen or car 
bon, and thereafter solid-phase crystallization is performed, 
to solve the problems of prior art. Thereby, it is possible to 
control the position of the crystal grain boundary to fall Within 
a region Where ions are implanted. 
A method of manufacturing memory cells according to the 

second embodiment Will be explained beloW With reference 
to FIGS. 12A to 12C to FIGS. 22A to 22C. In FIGS. 12A to 
12C to FIGS. 22A to 22C, A is a cross-sectional vieW taken in 
the channel length direction (bit line direction), B is a cross 
sectional vieW taken in the channel Width direction (Word line 
direction), and C is a plan vieW. Further, A illustrates a cross 
section taken along line A-A' in plan vieW C, and B illustrates 
a cross section taken along line B-B' of plan vieW C. 

First, as illustrated in FIGS. 12A to 12C, a silicon oxide 
?lm (embedded insulating ?lm) 102 having a thickness of 50 
nm is formed on a p-type single-crystal silicon substrate 101 
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8 
having a (001) surface orientation. Then, a part of the region 
of the silicon oxide ?lm 102 is removed With a patterned resist 
(not shoWn) used as a mask, and part of the silicon substrate 
101 is exposed. In this step, the pattern of the resist mask is set 
to be parallel With either of <l00> orientation and <0l0> 
orientation. Thereby, stripe opening portions serving as seeds 
of solid-phase crystallization described beloW are formed. 

Next, as illustrated in FIGS. 13A to 13C, amorphous sili 
con ?lm 104 having a thickness of 200 nm is deposited on the 
Whole surface of the substrate 101. An LPCVD device is used 
for deposition of the amorphous silicon ?lm 104, and the ?lm 
formation temperature is 550° C. To suppress formation of a 
natural oxide ?lm in an interface betWeen the amorphous 
silicon ?lm 104 and the substrate 101, the Wafer is subjected 
to thermal treatment in hydrogen atmosphere at 900° C. for 1 
minute in the LPCVD device before deposition of the amor 
phous silicon ?lm 104. 

In this step, When the thickness of the amorphous silicon 
?lm 104 is set to 200 nm, an Si ?lm Which is groWn directly 
on the seeds is crystallized from a region contacting the 
substrate in ?lm formation, and may consequently be groWn 
With only a 50% thickness of the amorphous ?lm 104. This is 
because the surface in the amorphous state has a higher dan 
gling bond density exposed to the surface than in the case 
Where the surface is in the crystallized state, and has a higher 
atomic deposition probability. In the same manner as the ?rst 
embodiment, the surface may be formed ?at by deposition of 
tWo amorphous silicon ?lms. 

Next, a resist (not shoWn) is formed on the Wafer, and 
thereafter the resist is provided With an opening in the vicinity 
of the midpoint betWeen the left and the right opening por 
tions of the silicon oxide ?lm 102. Then, oxygen ions are 
implanted under the condition of a dose amount of 3><l0l5 
cm-Z and an acceleration energy of —40 keV, With the resist 
used as a mask. Thereby, as illustrated in FIGS. 14A to 14C, 
obtained is a structure in Which an amorphous silicon layer 
204 having a high concentration of oxygen exists in a part of 
the amorphous silicon ?lm 104 on the silicon oxide ?lm 102. 
The Width of the opening of the resist is 35 nm. 

Next, the Wafer having the above structure is subjected to 
heat treatment in a nitrogen atmosphere at 650° C. for 30 
minutes, and thereby monocrystallization is performed by 
solid-phase crystallization, With the silicon substrate 101 
contacting the amorphous silicon layer 104 used as a seed. In 
this step, the advance speed of monocrystallization in the 
lateral direction from the seed is 2.1 um/hour. When the 
crystallized state of SOI crystal layer 105 is observed after the 
solid-phase crystallization, the region 104 into Which no oxy 
gen ions are implanted is monocrystallized by solid-phase 
crystallization, While the region 204 containing a high con 
centration of oxygen remains amorphous, as illustrated in 
FIGS. 15A to 15C. 

Thereafter, When the Wafer is subjected to heat treatment in 
a nitrogen atmosphere at 950° C. for 30 minutes, the region 
204 Which Was not crystallized by heat treatment at 650° C. is 
also crystallized, as illustrated in FIGS. 16A to 16C. The 
crystal layer of the region 204 is indistinguishable from the 
SOI crystal layer 105 crystallized earlier, by observation. As 
a result, solid-phase crystallizations advance from tWo seed 
regions, and a crystal mismatch surface 108 formed as an 
encounter surface can be positioned in the region Where oxy 
gen ions have been implanted With a high concentration, that 
is, in a limited area having a Width of 45 nm. 

Next, as illustrated in FIGS. 17A and 17B, the SOI crystal 
layer 105 is thinned by thermal oxidation. Then, as illustrated 
in FIGS. 18A to 18C, the surface of the Wafer is polished by 
CMP and ?attened. As a result, the thickness of the ?lm on the 
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SOI region is reduced to 30 nm, Which is a proper thickness 
for forming and operating a memory cell array on the SOI 
crystal layer. Thereafter, an oxide ?lm layer formed by ther 
mal oxidation is removed by etching using hydro?uoric acid 
diluted With Water. 

Next, as illustrated in FIGS. 19A to 19C, a gate insulating 
?lm (tunnel insulating ?lm) 109 having a thickness of about 
7 nm is formed on the Whole surface by thermal oxidation or 
the like, and then a phosphorus-doped polycrystalline silicon 
layer 110 serving as a ?oating gate electrode and having a 
thickness of about 50 nm is deposited by CVD or the like. 
Then, parts of the polycrystalline silicon layer 110, the gate 
insulating ?lm 109, and the SOI crystal layer 105 are removed 
by RIE or the like, With a striped resist (not shoWn) used as a 
mask, and thereby device isolation trenches are formed. 

Next, as illustrated in FIGS. 20A to 20C, an embedded 
insulating ?lm 111 is embedded into the device isolation 
trench regions by application or the like. Formation of imper 
fect embedded regions Which are called voids can be avoided, 
by applying an application insulating ?lm such as polysila 
Zane. The dielectric constant of the embedded insulating ?lm 
111 is preferably loW, to improve the dielectric strength volt 
age betWeen adjacent memory cells. Therefore, it is desirable 
that vapor oxidation is performed after applying the applica 
tion insulating ?lm, to desorb impurities such as nitrogen, 
carbon and hydrogen in the ?lm and convert the ?lm into the 
silicon oxide ?lm. Further, thermal oxidation or radical oxi 
dation may be performed before or after the application insu 
lating ?lm 11 is embedded, to repair crystal defects Which are 
generated in trench surface portions When the device isolation 
trenches are formed. Further, a composite ?lm of a CVD 
insulating ?lm and an application insulating ?lm may be 
embedded, to improve the insulating property of the embed 
ded insulating ?lm 111. 

Next, as illustrated in FIGS. 21A to 21C, an ONO ?lm 112 
serving as an interelectrode insulating ?lm and having a 
thickness of about 15 nm is formed on the Whole surface by 
ALD or the like. Then, slit portions 113 having a Width of 
about 50 nm are formed by RIE or the like in regions Where 
selective gate transistors are to be formed, With a patterned 
resist (not shoWn) used as a mask. Thereby, parts of the 
polycrystalline silicon layer 110 are exposed. 

Next, as illustrated in FIGS. 22A to 22C, a tungsten silicide 
layer 114 serving as a control gate electrode is formed on the 
Whole surface by spattering or the like. In this step, the poly 
crystalline silicon layer 110 is electrically connected to the 
tungsten silicide layer 114 in the slit portions 113. Then, parts 
of the tungsten silicide layer 114, the ONO ?lm 112, and the 
polycrystalline silicon layer 110 are selectively etched by RIE 
or the like, With a striped resist (not shoWn) used as a mask. 
Thereby, tWo-layer gate structures 120 of memory cells and 
stacked gate electrode structures 130 of selective gate tran 
sistors 130 are formed. 
As is clear from FIGS. 22A to 22C, the region into Which 

oxygen ions are implanted is laid out such that the region does 
not overlap the channel portions of cell transistors, and thus 
the crystal mismatch surface is prevented from overlapping 
the channel portions of the cell transistors. Thereby, it is 
possible to suppress undesirable deterioration in the proper 
ties of the cell transistors. 

If such oxygen ion implantation is not performed, the crys 
tal mismatch surface is not alWays formed in the midpoint of 
the seed portions, and consequently a NAND string having 
the crystal mismatch surface 108 is formed With a certain 
probability in a position shifted from the midpoint of the seed 
portions. This causes variations in the properties of ?ash 
memories. 
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Further, since a region containing a high concentration of 

oxygen is formed in a position other than a region directly 
under the channels of the cell transistors as described above, 
the diffusion coef?cient of dopant elements in the region is 
reduced. To realiZe the structure described in the ?rst embodi 
ment, the Width of the ion implanted region have to be set 
larger than the Width of other regions betWeen cell transistors, 
and consequently dopant for forming a diffusion layer is 
implanted With high concentration. HoWever, reduction in 
diffusion coef?cient by existence of oxygen is useful for 
reducing ?uctuations in device operation due to local exist 
ence of such a Wide diffusion layer. 

Although the ?rst embodiment describes that the oxygen 
ion implantation in the step illustrated in FIGS. 14A to 14C is 
performed under the conditions that the dose amount is 
3><10l5 cm“2 and the acceleration energy is 40 keV, the inven 
tion is not limited to the conditions. Crystallization of the 
implanted region is suppressed With the above implantation 
conditions, because the peak concentration of oxygen of the 
implanted region becomes about 1><102O cm_3, Which delays 
the solid-phase crystallization speed in the implanted region, 
and With Which the implanted region can be monocrystalliZed 
after thermal treatment at high temperature. Since such a 
situation can be achieved With the oxygen concentration from 
1><10l9 cm“3 to 1><1021 cm_3, it suf?ces that a certain limited 
region has such an oxygen concentration. Speci?cally, the 
peak value in ion implantation may be small or large. 

In addition, the implanted element may be elements other 
than oxygen, such as nitrogen, argon, and carbon, or a com 
bination thereof, as long as the element reduces the solid 
phase crystalliZation speed. 

According to the second embodiment as described above, 
oxygen, nitrogen, or carbon ions are implanted in the vicinity 
of the center of the BOX oxide ?lm, Where a seam of solid 
phase crystalliZations from adjacent opening portions Will 
occur, before the amorphous silicon ?lm 104 on the silicon 
oxide ?lm 102 is monocrystalliZed by solid-phase crystalli 
Zation. Thereby, the position of the crystal mismatch surface 
108 can be controlled in the ion-implanted region 204. There 
fore, it is possible to align the positions of portions of the 
crystal mismatch surface, in other Words, restrict the position 
of the crystal mismatch surface to a narroW range, and the 
same effect as the ?rst embodiment is obtained. 

Third Embodiment 

Although the method of the second embodiment limits the 
oxygen implanted region by a resist mask, the method cannot 
set a Width of the region Which limits the crystal mismatch 
surface to be smaller than the Width Which can be opened by 
lithography. To solve this problem, in the third embodiment, 
the Width of the opening portions is narroWed by sideWall 
transfer, and thereby the position Where a crystal mismatch 
surface is formed can be controlled to fall Within a region 
narroWer than the minimum processing Width of lithography. 

In the third embodiment, as illustrated in FIG. 23A, a 
silicon oxide ?lm 301 having a thickness of 200 nm is depos 
ited as a mask material on an amorphous silicon ?lm 104, and 
then the silicon oxide ?lm 301 is patterned. Thereby, a struc 
ture having an opening portion having a Width of 30 nm is 
formed. If ion implantation is performed in this state, the 
same structure as in the second embodiment is achieved. 

Next, as illustrated in FIG. 23B, sideWall ?lms 302 are 
formed on side surfaces of the opening of the silicon oxide 
?lm 301, by a publicly knoWn sideWall-leaving method using 
?lm deposition and etchback. 








